Na(+)/K(+)-ATPase as a signal transducer.
Na(+)/K(+)-ATPase as an energy transducing ion pump has been studied extensively since its discovery in 1957. Although early findings suggested a role for Na(+)/K(+)-ATPase in regulation of cell growth and expression of various genes, only in recent years the mechanisms through which this plasma membrane enzyme communicates with the nucleus have been studied. This research, carried out mostly on cardiac myocytes, shows that in addition to pumping ions, Na(+)/K+-ATPase interacts with neighboring membrane proteins and organized cytosolic cascades of signaling proteins to send messages to the intracellular organelles. The signaling pathways that are rapidly elicited by the interaction of ouabain with Na(+)/K(+)-ATPase, and are independent of changes in intracellular Na(+) and K(+) concentrations, include activation of Src kinase, transactivation of the epidermal growth factor receptor by Src, activation of Ras and p42/44 mitogen-activated protein kinases, and increased generation of reactive oxygen species by mitochondria. In cardiac myocytes, the resulting downstream events include the induction of some early response proto-oncogenes, activation of the transcription factors, activator protein-1 and nuclear factor kappa-B, regulation of a number of cardiac growth-related genes, and stimulation of protein synthesis and myocyte hypertrophy. For these downstream events, the induced reactive oxygen species and rise in intracellular Ca(2+) are essential second messengers. In cells other than cardiac myocytes, the proximal pathways linked to Na(+)/K(+)-ATPase through protein-protein interactions are similar to those reported in myocytes, but the downstream events and consequences may be significantly different. The likely extracellular physiological stimuli for the signal transducing function of Na+/K+-ATPase are the endogenous ouabain-like hormones, and changes in extracellular K+ concentration.